Aims Balsaminaceae consist of two genera, the monospecific Hydrocera and its species-rich sister Impatiens. Although both genera are seemingly rather similar in overall appearance, they differ in ecology, distribution range, habitat preference and morphology. Because morphological support for the current molecular phylogenetic hypothesis of Impatiens is low, a developmental study is necessary in order to obtain better insights into the evolutionary history of the family. Therefore, the floral development of H. triflora and I. omeiana was investigated, representing the most early-diverged lineage of Impatiens, and the observations were compared with the literature. † Methods Flowers at all developmental stages were examined using scanning electron microscopy and light microscopy. † Key results In Hydrocera, two whorls of five free perianth primordia develop into a less zygomorphic perianth compared with its sister genus. The androecial cap originates from five individual stamen primordia. Post-genital fusion of the upper parts of the filaments result in a filament ring below the anthers. The anthers fuse forming connivent anther-like units. The gynoecium of Hydrocera is pentamerous; it is largely synascidiate in early development. Only then is a symplicate zone formed resulting in style and stigmas. In I. omeiana, the perianth is formed as in Hydrocera. Five individual stamen primordia develop into five stamens, of which the upper part of the filaments converge with each other. The gynoecium of I. omeiana is tetramerous; it appears annular in early development. † Conclusions Comparison of the present results with developmental data from the literature confirms the perianth morphocline hypothesis in which a congenital fusion of the parts of the perianth results in a shift from pentasepalous to trisepalous flowers. In addition, the development of the androecial cap and the gynoecium follows several distinct ontogenetic sequences within the family.
INTRODUCTION
The unispecific genus Hydrocera Blume has always lived a life in the shadow of its species-rich sister Impatiens L. Despite the great distinction in diversity between both genera, Hydrocera is at least as intriguing as its sister genus. Although at a glance Hydrocera seems similar to Impatiens, there are several differences between the two genera. Impatiens, which comprises .1000 species (Janssens et al., , 2008 , is mainly distributed in the highlands and mountains of the Old World tropics and sub-tropics, yet some species also occur in the temperate regions of Eurasia and North America (Grey-Wilson, 1980a; Yuan et al., 2004; Janssens et al., 2009) . In contrast, Hydrocera with its only representative, Hydrocera triflora, is confined to the lowlands of Indo-Malaysia (Grey-Wilson, 1980b) . In addition to the contrast in habit and habitat, dissimilarities in gross morphology can also be observed between the two genera. Although a trimerous calyx has often been considered to be a characteristic feature for Impatiens -compared with Hydrocera with its pentamerous calyx (Warburg and Reiche, 1895; Hooker, 1905; Heywood et al., 2010) -recent molecular phylogenetic analyses demonstrated that a shift from five to three sepals occurred after the divergence of Impatiens from its sister genus (Yuan et al., 2004; Janssens et al., 2006 Janssens et al., , 2007 . Floral developmental research on selected Impatiens species (I. columbaria, I. niamniamensis and I. hawkeri) showed that the shift from five to three sepals can be regarded as a morphocline, from pentasepalous species over species with rudimentary anterolateral sepals fusing post-genitally with the anterior petal, to species in which the anterolateral sepals fuse congenitally with the anterior petal ( perianth morphocline hypothesis; Caris et al., 2006) . Grey-Wilson (1980a) postulated that the ancestral Impatiens flower was characterized by a spurless posterior sepal and by free floral parts of equal size. As with Orchidaceae (Rudall and Bateman, 2004) , resupination of the flower probably played an important role in the development and evolution of the modern highly zygomorphous Impatiens flower. The 180 8 twisting of the pedicel (resupination) caused the posterior sepal to be positioned abaxially, which is assumed to be more favourable for the development of a relatively heavy nectar-producing spur, hence being the initiator of zygomorphy in Impatiens (e.g. Grey-Wilson, 1980a ). According to Grey-Wilson (1980a, c) , the resupination of the flower occurred after the formation of the spur on the posterior sepal. Compared with the extreme zygomorphic flowers in Impatiens, zygomorphy is less pronounced in Hydrocera.
One of the most intriguing questions within the Balsaminaceae remains why such a diversification deficiency occurred in the sister lineage of a very species-rich genus. The situation in Balsaminaceae is comparable with that in Begoniaceae, where the speciose genus Begonia (approx. 1400 species) is sister to the monospecific Hillebrandia (Clement et al., 2004) . Similar to Hydrocera compared with Impatiens, Hillebrandia closely resembles Begonia in overall appearance, yet it differs from the latter in a small number of floral morphological characters (e.g. more numerous and highly differentiated floral organs and a largely parietal placenta; Matthews and Endress, 2004 ) and a distinctive distribution range (endemic to Hawaii). Several other examples of species-poor taxa being sister to a species-rich lineage can be found throughout the angiosperms (e.g. Chenopodiaceae, Flores et al., 2008; Cyperaceae, Muasya et al., 2009) .
Recent molecular phylogenetic analyses have demonstrated close affinity of Balsaminaceae with the morphologically distinct families Marcgraviaceae and Tetrameristaceae sensu lato, forming the earliest diversified lineage within the order Ericales (Anderberg et al., 2002; Bremer et al., 2002 , Schönenberger et al., 2005 , 2010 . Despite the huge floral diversity in Ericales, with several groups having elaborate monosymmetric flowers, an Ericales flower is basically actinomorphic and pentamerous, with a superior gynoecium (Endress, 2010; Schönenberger et al., 2010) . From the 19th century onwards, the gynoecium of the Balsaminaceae has been uniformly described as superior, and pentacarpellate with five locules and fused carpels (Warburg and Reiche, 1895; Grey-Wilson, 1980a; Heywood et al., 2010; Stevens, 2004) . However, Takao (1982, 1985) noticed an exception in the so-called uniform gynoecium organization of Impatiens when they reported the existence of tetracarpellate (e.g. I. mirabilis, I. kerriae, I. nalampoonii) and tricarpellate (I. hongsonensis) species in Thailand and Malaysia. Also in Southwest China, tetracarpellate Impatiens species were found (e.g. I. chishuiensis; Lu, 1991; Yu, 2008; Yu et al., 2010) . Interestingly, Janssens et al. (2006 Janssens et al. ( , 2009 found that the Chinese tetracarpellate Impatiens species all belong to the earliest diversified lineage in Impatiens, while the Thai and Malayan tetracarpellate species are part of a more derived clade within the genus. In addition to the phylogenetic difference between the two tetracarpellate Impatiens lineages, morphological differences are observed between the Chinese and the Thai -Malayan species. Chinese Impatiens are characterized by a slight fusion near the base of the lateral petals while Thai -Malayan Impatiens are characterized by completely fused lateral petals which form a seemingly single 'wingshaped' petal (Shimizu and Takao, 1985) .
By comparing the floral development of H. triflora with that of a member of the earliest diversified lineage of Impatiens (I. omeiana), and using available data from earlier floral developmental studies, we will (1) test the morphocline hypothesis of Caris et al. (2006) for the perianth throughout the Balsaminaceae; (2) compare the development of the gynoecium within Impatiens and between Hydrocera and Impatiens; and (3) reassess the current morphological descriptions of the androecium and gynoecium in combination with data from the literature, with focus on the development of the 'anther cap' which covers the gynoecium in semi-mature to mature flowers, and on the carpels.
MATERIALS AND METHODS
Different floral shoot stages from Impatiens omeiana Hook.f. (Belgium, Ghent University Botanic Garden, 20081079) and Hydrocera triflora (L.) Wight & Arn. (Belgium, National Botanic Garden Belgium, 20060140-55) were freshly collected and immediately fixed in 70 % ethanol. Voucher specimens are deposited in the National Botanic Garden of Belgium (BR). Floral buds were dissected in 70 % ethanol under a Wild M3 stereo microscope (Leica Microsystems AG, Wetzlar, Germany) equipped with a cold-light source (Schott KL1500; Schott-Fostec LLC, Auburn, NY, USA). The material was washed twice with 70 % ethanol for 5 min and then placed in a mixture (1:1) of 70 % ethanol and DMM (dimethoxymethane) for 5 min. Subsequently, the material was transferred to 100 % DMM for 20 min, before it was critical-point dried using liquid CO 2 with a CPD 030 critical-point dryer (BAL-TEC AG, Balzers, Liechtenstein). The dried samples were mounted on aluminium stubs using Leit-C and coated with gold with a SPI-ModuleTM Sputter Coater (SPI Supplies, West-Chester, PA, USA). Scanning electron microscopy (SEM) images were obtained with a JEOL JSM-6360 (JEOL Ltd, Tokyo, Japan) at the Laboratory of Plant Systematics (KU Leuven). Reference material is kept at the same laboratory. For light microscopy (LM), flower buds were dehydrated through a graded ethanol series and subsequently embedded in paraffin. Longitudinal sections, 5 mm thick, were made with a HM 360 rotation microtome (Walldorf, Germany) and stained with 1 % safranine and 1 % aniline blue. Observations were made with an Olympus BX51 microscope equipped with an Evolution LC digital camera.
RESULTS

Hydrocera triflora (Figs 1 -5)
Early developmental stages and perianth development.
Inflorescence axes are indeterminate, laterally forming bracts (Fig. 1A) . A flower primordium originates in the axil of a bract (Fig. 1A) . On the flower primordium, two lateral sepal primordia are formed (Fig. 1A) . Subsequently, a posterior sepal is formed, immediately followed by two anterior sepal primordia (Fig. 1B) . More or less simultaneously, an anterior petal primordium appears (Fig. 1B) . Subsequently, a pair of posterior petals originate, followed by the initiation of a pair of anterior petal primordia (Fig. 1C) . When all perianth members are formed, five stamen primordia appear, alternating with the petals (yellow arrows, Fig. 1E ).
Androecium development. Stamens are initiated simultaneously (Fig. 1E) . Subsequently, each stamen starts differentiating into an anther and filament (Fig. 1H, I ). The stamens rapidly grow upwards, enclosing the developing gynoecium. Simultaneously, the anthers fuse post-genitally, probably by interlocking of epidermal cells ( Fig. 2A, B) . At semi-maturity of the flower, the upper parts of the filaments also become fused, forming a massive connective tissue (Fig. 4B) , which nearly entirely encloses the ovary. Only the locules protrude between the free lower parts of the filaments (Fig. 4A, B) . At the base of each filament, an abscission zone becomes visible ( Fig. 4D ). At this stage, connective tissue is present between the two thecae of a single anther, pushing thecae of adjacant anthers towards each other (Fig. 4B , C). These thecae fuse by interlocking of epidermal cells, forming a 'false anther' consisting of two thecae of adjacent stamens (Fig. 4C ).
Gynoecium development. After the formation of the stamens, five fused carpel primordia appear, forming a ring around a slightly concave floral apex (Fig. 1F ). Subsequently, a complex structure of five congenitally fused ascidiate carpels is formed (Fig. 1G ). This structure grows upwards, forming five cavities, which are separated by septa. Subsequently, the symplicate zone emerges ( Fig. 2A) . At this stage, the gynoecium closes, resulting in a distinction between the style and ovary ( Fig. 2A) .
The inner style wall is formed by an extension of the five septa of the lower part of the gynoecium, whereas the outer style wall is formed by the dorsal parts of the plicate zones of the carpels (Fig. 2B) . At the top of each septum, a stigma primordium appears (Fig. 2B) . The style and five stigmas differentiate (Fig. 2C, D) and five placentas are formed in the upper part of the ovary, more specifically at the upper part of the central column, thereby closing the locules by the outgrowth of the placenta (Figs 2C, E and 3C, E) . From each of the placentas, three ovules originate (Fig. 2C, D) . The ovules initially grow downwards and curve .180 8 to become anatropous . They are bitegmic (Figs 2G and 3A) . During fruit development, the two exterior ovules abort and only the median ovule remains (Grey-Wilson, 1980b; Ramadevi and Narayana, 1989; Raghuveer et al., 1993) .
Spur development. At the earliest stages of the development of the posterior sepal, no traces of a spur are visible (Fig. 5A ). Once all floral organs are developing, a circular shallow cavity with a diameter of approx. 100 mm is formed in the median zone at the ventral side of the posterior sepal near its base (Fig. 5B ). The cavity deepens and becomes slightly elliptic (Fig. 5C ). Eventually, a conspicuous vulva-like structure is formed around the opening at the ventral side, developing in a 500-600 mm long slit (Fig. 5D) . Simultaneously, at the dorsal side of the posterior sepal, a 500-600 mm long elongated bulge becomes visible (Fig. 5E ). The distal part of the bulge becomes detached from the posterior sepal (Fig. 5F , J), forming a spur directed towards the upper part of the posterior sepal (Fig. 5G ). The spur terminates in two distinct structures (Fig. 5F ). From the insertion point to its distal half, the spur is hollow ( Fig. 5H, J) . In the distal half, the lumen of the spur is gradually (from proximal to distal side) filled by two folds of the adaxially situated inner surface. In each fold, secretory tissue is formed, which consists of very small cells (Fig. 5H ). More distally, the entire lumen of the spur is filled with secretory tissue (Fig. 5I, K) . In the distalmost zone, the secretory tissue is sub-divided into two parts (Fig. 5K, L) .
Impatiens omeiana Early developmental stages and perianth development. Two lateral sepals are initiated (Fig. 6A) , followed by the posterior sepal (Fig. 6A) , and the two anterior sepals initiate last (Fig. 6B) . In between the anterior sepals, the anterior petal appears (Fig. 6C) , followed by two pairs of lateral petals (Fig. 6D ), which originate more or less simultaneously. Four stamen primordia appear simultaneously (Fig. 6E ), followed by a fifth posterior stamen primordium (Fig. 6F) . The lateral petals of each pair fuse (congenitally) at the base (Fig. 6F) . Subsequently, an annular gynoecium primordium appears at the floral apex (Fig. 6G) , consisting of four congenitally fused, peltate carpels (Fig. 6H, I ).
Androecium development. Simultaneously with the early development of the gynoecium, the stamens emerge, thereby differentiating into filament and basifixed, introrse anther. Soon, filament appendages originate and grow towards the gynoecium (Fig. 6I) . Meanwhile, the upper parts of the stamens grow towards each other until they eventually fuse superficially (Fig. 6F) . At this stage, the ovary starts protruding between the filaments (Fig. 6K) . The anthers remain free from each other, only touching each other at the base (Fig. 6L, M) . Already at an early developmental stage, the surface of the anthers shows intercellular pores, which become larger at older stages (Fig. 6N) . At semi-maturity, the filament appendages cover the upper part of the ovary (Fig. 6J, O) .
Gynoecium development. The synascidiate zone gradually elongates, thereby forming four septa which merge into a central column. Simultaneously, the symplicate zone grows upwards and gradually encloses the inner part of the ovary. At this stage, the four locules are open on top (Fig. 7A-C) . Above the central column, the symplicate zone forms a hollow style, in which the septa are extended as four inner ribs (Fig. 7B, C) . In each locule, at the upper part of the central column, a placenta primordium appears (Fig. 7C) . From each primordium, a single ovule is formed (Fig. 7F ). In the course of their development, the ovules bend .180 8, becoming anatropous, and two integuments are formed (Fig. 7E) . Spur development. When all floral organs are developed, a spur is formed by an invagination at the basal, median zone of the posterior sepal (Fig. 8A, C, D) . The spur grows quickly into a long, curving structure with a blunt end. The ventral epidermis around the opening of the spur consists of cells arranged in such a way that they form long, parallel gutters.
DISCUSSION
Symmetry and floral merism
Flowers in Balsaminaceae are essentially pentamerous. The initial stages of the floral development in both Hydrocera and Impatiens (Caris et al., 2006; Yu et al., 2010;  this study) show a sequential initiation of the floral organs, with the two posterolateral sepals originating first, followed by the posterior sepal, and the two anterolateral sepals developing last (Figs 1A -C and 6A-E). In contrast to Hydrocera, the four lateral petals in I. omeiana originate more or less simultaneously as one whorl, with the exception of the anterior petal developing slightly earlier. Endress (2011, p. 372 ) observed that outer organs, which develop into a spiral sequence, are initiated with relatively long plastochrons. A reduction of the plastochrons results in a tendency to develop as a whorl. In H. triflora, a similar phenomenon is observed; a small plastochron between the anterolateral and posterolateral petals is still present (Fig. 1C) . The consecutive developmental sequence of the calyx causes the flower primordium to be already zygomorphic at an early stage of floral development. This observation suggests that the floral zygomorphy in Balsaminaceae is not realized at a later developmental stage with the formation of a spur as suggested in the literature (e.g. Grey-Wilson, 1980a ), but rather that it is deeply rooted in the floral developmental programme.
Whereas in Hydrocera each whorl is characterized by five floral parts, in Impatiens there is a clear tendency to congenital fusion of the perianth parts (the morphocline hypothesis of Caris et al., 2006) , resulting in a reduction of the number of petals from five to three. In H. triflora, neither congenital (Fig. 1C) nor post-genital fusion (Fig. 1D -E ) of perianth parts was observed. Nevertheless, Payer (1857) observed that in I. royleana (¼Impatiens glandulifera), the pentamerous organization of both calyx and corolla is still present at the initial ontogenetic stages.
Androecium
The general morphology of the H. triflora androecium is in accordance with the common description of the Impatiens androecium as outlined by Grey-Wilson (1980a) and Vogel and Cocucci (1988) . However, in H. triflora, the five stamen primordia appear simultaneously in a perfect whorl, whereas in I. omeiana the posterior stamen (between the two posterolateral petals) originates subsequent to the simultaneous appearance of the other stamens (Fig. 6E) . Also at later ontogenetic stages, the posterior stamen remains slightly delayed in its development with respect to the other stamens (Fig. 6L) . A zygomorphic development of the androecium also occurs in I. niamniamensis, I. columbaria, I. hawkeri and I. tuberosa (Vogel and Cocucci, 1988; Caris et al., 2006) . At a later stage of the development of H. triflora, a filament ring is formed. Both Caris et al. (2006) and Vogel and Cocucci (1988) observed a similar filament ring below the anthers in I. columbaria and I. tuberosa, respectively. However, a 'stamen tube' in these species is formed post-genitally before the filaments develop underneath the 'stamen tube' (Vogel and Cocucci, 1988; Caris et al., 2006) . Simultaneously, connivent 'anthers' are formed, each consisting of two thecae which actually belong to different anthers. Although connivent anthers were also reported by Caris et al. (2006) in I. niamniamensis and I. hawkeri, and by Vogel and Cocucci (1988) in I. tuberosa, the basal I. omeiana shows no connivent anthers. Moreover, its anthers hardly fuse (Fig. 6K-M) and filaments are free. The mature filament appendages in I. omeiana have an irregular surface due to the presence of multiple, hollow, wart-like structures, which may have an olfactory function (Fig. 6O) . Although Yu et al. (2010) did not focus on the development of the androecium in I. chishuensis (a close relative to I. omeiana), they stated that the five stamen primordia of I. chishuensis arise simultaneously alternating with the petals. A closer examination of figs 2j and k in Yu et al. (2010) , however, shows that the posterior stamen primordium is delayed as in I. omeiana.
Gynoecium
The observations of Takao (1982, 1985 ; fourcarpellate Thai -Malayan species), Yu et al. (2010;  fourcarpellate Chinese species) and our results presented here (four-carpellate Chinese species) show that the usual gynoecium description in the literature needs to be revised, since tetracarpellate gynoecia originated in two distantly related Impatiens lineages. In particular, a revision of the character state 'pentacarpellate' as a typical feature for Impatiens should be taken into consideration, since the four-carpellate Chinese lineage is the most early diversified lineage of Impatiens. Gynoecium development has now been investigated in two tetracarpellate species [I. chishuensis (Yu et al., 2010) and I. omeiana (this study)] and in both studies it shows a similar ontogenetic pattern, in which an annular gynoecium primordium is formed with the four still recognizable congenitally fused carpels. Congenital fusion of carpels is a common feature in angiosperms (Endress, 2011) . In Impatiens, peltation of each carpel occurs only when the ovary has already developed into a bag-like structure, still open on top. The resulting synascidiate zone subsequently grows upwards, forming a four-loculed ovary. A similar developmental pattern was observed by Caris et al. (2006) in the pentacarpellate species I. columbaria and I. niamniamensis, yet they observed individual carpel primordia in I. columbaria. Unfortunately, a detailed observation of a similar early ontogenetic stage in I. niamniamensis was not available in their study. Therefore, it is difficult to make a general statement about congenital/ post-genital fusion of the carpels in Impatiens. In contrast to the gynoecium development of Impatiens, the Hydrocera gynoecium originates as a massive synascidiate zone (Fig. 1I) .
Only then are the septa extended by the outgrowth of the plicate zone, forming five ribs in a hollow stylar canal. Commissural stigmas arise from meristems on top of the ribs (Fig. 2B ). Shimizu and Takao (1985, p. 101 ) mentioned a similar stylar canal as in Hydrocera in Thai -Malayan tetracarpellate Impatiens species and correlated the form of the stylar lobes to the type of ovular development. In contrast to Impatiens, carpel primordia in Hydrocera are already ascidiate at the earliest developmental stages, which results in initially ring-shaped carpels (Fig 1G) . Moreover, the congenital fusion of the five ascidiate carpels results in a single, massive synascidiate gynoecium. Interestingly, the elongation of the synascidiate zone is similar to a comparable developmental stage in I. hawkeri (Caris et al., 2006) . However, this ovary originated from individual carpel primordia, which fuse post-genitally. In other words, also in the development of the gynoecium, a similar result can be obtained by two different ontogenetic patterns. In both H. triflora and I. omeiana, placentas emerge from the upper part of the central column, each growing into a locule, which is closed as a consequence. A putative ancestral marginal placentation is reflected by the small number of ovules found in the early developmental stage of H. triflora and I. omeiana, with three and one ovule per locule, respectively. Nevertheless, the development of placenta and ovules in these two species is also an indication of an initial decoupling of ovule formation from the carpels/ovary (marginal placentation). According to Endress (2006) , an annular primordium may decouple the development of the considered organ zone from that of the subsequent whorl(s). Ramadevi and Narayana (1989) examined the anatomy of H. triflora and nine Impatiens species. They described the placentation in H. triflora as axile, but that of I. elegans as parietal, with all other species studied remaining undetermined. Takao (1982, 1985) noticed that Thai -Malayan tetracarpellate species have a varying number of ovules of between one and six, which are arranged either uniseriately or biseriately. Within the African I. niamniamensis, 10 -15 unitegmic, uniseriate, basipetally developed ovules were found per locule, and also within I. columbaria several rows of unitegmic ovules/locule are present (Caris et al., 2006) . In contrast, I. hawkeri is characterized by bitegmic uniseriate ovules per locule. Following the terminology of Leins and Erbar (2010) , we consider the placentation in H. triflora and I. omeiana to be axile. In both species the placenta is formed at the upper border of the synascidiate zone in the angle where the septa meet. In H. triflora, only the central of the three ovules develops into a seed, whereas the two exterior ovules become aborted.
Evolutionary interpretation of the flower development of Impatiens and Hydrocera According to Grey-Wilson (1980a, b) , the co-evolutionary relationship between pollinator and flower resulted in several peculiar and bizarre zygomorphic structures in the genus. Impatiens niamniamensis is a good example of a species with a high degree of zygomorphy. The zygomorphy in Impatiens is mainly due to the extremely variable spurred posterior sepal and the fusion of the anterolateral and posterolateral petals into two pairs of united lateral petals. This caused an increased morphological plasticity in shape and size in order to adapt to specialized pollinators (Grey-Wilson, 1980a, b; Yuan et al., 2004; Janssens et al., 2006) . In contrast to Impatiens, Hydrocera is characterized by a pentamerous calyx and corolla without any fusion tendencies. In addition, the five sepals of Hydrocera do not differ much in size. As a result, the H. triflora flower is, despite having a short incurved spur, more actinomorphic compared with any other Impatiens species. Assuming that the highly zygomorphic Impatiens flower is derived from an actinomorphic ancestral Balsaminaceae flower as stated by Grey-Wilson (1980a) , we suggest that the Hydrocera floral architecture can be regarded as an intermediate flower type between the highly zygomorphic Impatiens flower and the putative actinomorphic ancestor of the Balsaminaceae.
The present results in combination with those of Takao (1982, 1985) , Caris et al. (2006) and Yu et al. (2010) provide new insights into the large variability of the gynoecium in Balsaminaceae. This high variability is rather surprising as it was always assumed that the floral morphological diversity in Impatiens was mainly the result of various adaptations of the perianth, whereas androecium and gynoecium morphology were considered to be uniform throughout the genus (Warburg and Reiche, 1895; Grey-Wilson, 1980; Janssens et al., 2006 Janssens et al., , 2007 . Interestingly, when inferring the different gynoecium types on the basis of the most recent phylogenetic hypothesis of Impatiens, it becomes apparent that the most derived gynoecium architecture in Balsaminaceae with a reduction from five to four carpels occurred twice in the early diverging Impatiens lineages (Thai -Malayan tetracarpellate and Chinese tetracarpellate clades), whereas the more recently diverging lineages investigated by Caris et al. (2006) all have the plesiomorphic pentacarpellate architecture. Although the gynoecium of H. triflora can be considered plesiomorphic at the family level in that it is pentacarpellate and has ascidiate carpels (Endress, 2011) , the congenital fusion of carpel primordia is derived. A screening of the development of the gynoecia in all sub-clades of Impatiens becomes inevitable, in view of the variation in the development and merism of the ovary, placentation, number and arrangement of ovules and number of integuments.
When comparing Impatiens and Hydrocera, the most intriguing question remains how Impatiens became so successful in terms of species number and distribution whereas its sister genus is limited to a single species with a narrow distribution. The Hydrocera flower is less zygomorphic in overall organization, thereby perhaps influencing its ability to attract pollinators. However, the most important differences compared with Impatiens can be found in the development of the gynoecium, the fruit structure and the seed dispersal mechanism. In Hydrocera the pseudo-berries are most probably hydrochorous, while the dehiscent capsules of Impatiens are characterized by an autochorous dispersal mechanism by which seeds are explosively dispersed (Grey-Wilson, 1980a, b; Yuan et al., 2004) . Impatiens seeds are secondarily dispersed by being carried away by water, since the plants are often found close to rivers and streams (Janssens et al., 2010 (Janssens et al., , 2011 . Dispersal of Impatiens seeds appears to be very effective under the appropriate ecological conditions (Pysek and Prach, 1996) . Moreover, the dehiscent capsules of Impatiens have a rather high seed production capacity (at least five seeds, sometimes up to 50 seeds) compared with Hydrocera pseudo-berries (maximum five seeds). Although these developmental differences possibly had a impact on the diversification of both genera, the ecological difference in habitat probably had an over-riding effect (Grey-Wilson, 1980b ).
CONCLUSIONS
When integrating our results with data from the literature (Payer, 1857; Takao, 1982, 1985; Caris et al., 2006; Yu et al., 2010) , the following conclusions about the floral development of Balsaminaceae can be reached.
Perianth
Our results confirm the existence of a morphocline from species with five sepals and five petals over species with rudimentary sepals fusing post-genitally with the anterior petal, to species where this fusion is congenital. In I. omeiana, however, which is a representative of the basalmost clade of Impatiens, the perianth has the same developmental sequence as in Hydrocera. Due to the plasticity in the degree of congenital fusion of the antero-lateral sepals with the anterior petal, no link can be made between this reduction in number of perianth parts and the phylogenetic position of the species concerned.
Androecium
Although the organization of the androecium is seemingly similar within Balsaminaceae, several differences can be observed amongst its representatives regarding post-genital fusion of filaments and anthers. In some species, filaments may form lateral extensions (e.g. I. omeiana), which touch each other and fuse post-genitally, while in other species a massive filamental tissue is formed, creating a wide ring below the anthers (e.g. I. hawkeri, I. columbaria and H. triflora). The thecae of the anthers may be separated by an increasing amount of connective tissue, and thus be forced to form connivent anthers. No correlation can be found, however, between the degree of fusion between filaments and anthers of neighbouring stamens, and the phylogenetic position of the species concerned.
Gynoecium
The gynoecium in Hydrocera and in most species of Impatiens is pentacarpellate. However, depending on the species considered, there is a high plasticity in the degree to which carpels are congenitally fused. In Hydrocera, a complete congenital fusion of the carpels is present, with the latter initiated from individual ascidiate primordia. The gynoecium in Hydrocera appears synascidiate before the symplicate zone becomes noticeable. Consequently, the ovary wall and septa/locules are formed simultaneously by emerging from the base of the massive synascidiate zone. In I. hawkeri, Caris et al. (2006) demonstrate a similar gynoecium development, though it originates from individual carpel primordia, which first become plicate and subsequently peltate. Gynoecia in other Impatiens species described originate from fused carpels, which form bag-like structures, followed by the formation of a synascidiate zone.
Evolutionary interpretation of the floral development of Hydrocera triflora and Impatiens omeiana In contrast to Impatiens, Hydrocera is characterized by a pentamerous calyx and corolla without fusion between the perianth parts. Additionally, Hydrocera flowers are more actinomorphic in comparison with any Impatiens species, as sepals are rather similar in size. Under the assumption that the highly zygomorphic Impatiens flower is derived from an actinomorph ancestral Balsaminaceae flower, the Hydrocera flower architecture can be regarded as an intermediate floral type between the highly zygomorphic Impatiens flower and the putative actinomorphic ancestor of the Balsaminaceae. The present observations in combination with the literature provide new insights into the gynoecium variety in Balsaminaceae. This high variation is quite intriguing as it was previously assumed that the massive floral morphological diversity in Impatiens was only the result of perianth adaptations whereas androecium and gynoecium morphology remained uniform throughout the genus.
